Featured Application: The concomitant treatment proposed by this study could be an important therapeutic tool used to improve the complications arising from type 1 diabetes mellitus and could provide a clinical alternative for those individuals that currently only have the pharmacological path.
Introduction
Diabetes mellitus (DM) is a chronic metabolic disease that occurs when the pancreas loses the capacity to make insulin, or when the body cannot properly use the insulin it produces [1] . According to the International Diabetes Federation (IDF), DM affects about 422 million people globally and is a major cause of complications, such as blindness, kidney failure, heart attacks, stroke and lower limb amputation [2] . Type 1 diabetes mellitus (T1DM) is one of the main subtypes of DM, accounting for approximately 10% of all cases of DM, and has gradually increased over time [2, 3] .
Some drugs used for the management of DM may maintain blood glucose homeostasis, although with some unfavorable side-effects [3, 4] . In turn, medicinal plants with hypoglycemic activities and low adverse effects are gaining importance. Ethno-medical studies revealed that extracts and isolated molecules derived from medicinal plants can be used to treat T1DM [5] .
Coriandrum sativum L. is an example of medicinal plant that have been used in the management of insulin and blood glucose levels [6] . Belonging to the Apiaceae family [7] , this plant is an annual herb native to the eastern Mediterranean and popularly known as coriander.
Some investigations have shown that coriander extracts could lower blood sugar level [6, 8] . In addition, in alloxan-induced diabetic mice, coriander demonstrated antidiabetic activity by improving and regenerating the pancreatic β cell and inhibiting the α-glucosidase enzyme activity [9] . Alloxan is a diabetogenic agent, used to model T1DM in in vivo studies due to producing severe insulin deficiency, as well as marked hyperglycemia, ketoacidosis and glycosuria in experimental models [10] . Sreelatha and Inbavalli [8] have suggested the presence of higher concentrations from flavonoid and total phenolic contents present on the leaf and stem of coriander extract, consistent with the ability of the plant extract to promote insulin and reduce glucose levels, a desirable effect for the treatment of T1DM.
Over time, individuals with T1DM tend to develop health problems that may preclude physical exercise. For example, individuals with proliferative retinopathy are advised against strenuous physical exercise due to the possibility of a vitreous hemorrhage [11] . Thus, a treatment modality which confers the benefits of exercise without the associated physical constraints is desirable.
On the other hand, physical exercise has been shown to be an important component in the treatment of DM, contributing to improvement of metabolism and energy balance, and increase of lean body mass and bone mass [12] . A passive modality of exercise known as whole-body vibration (WBV) exercises, in which the whole body of an individual on the base of a vibratory platform is exposed to mechanical vibrations, has been proposed as a potential alternative, or adjuvant, to physical exercise for those who cannot participate in active exercise due to physical or mental problems [13, 14] .
Combining the potential benefits of medicinal plants with those of physical exercise, such as WBV, may represent a promising tool to prevent major health risks and diseases [15, 16] . Although the positive health effects of physical exercise are widely known, there is only a limited understanding of its influence on the immune system, as well as autoimmune diseases including T1DM [17] .
WBV is broadly accessible to large populations due to its noninvasive nature, few side effects, relatively low cost, simplicity of application, and short durations required to be effective [18, 19] . These considerations indicate that WBV exercise may have clinical potential in the management of T1DM [18] . This potential has stimulated investigations into WBV exercise using pre-clinical models including rodents [20] [21] [22] .
In experimental investigations, the course of a plant extract therapy or even WBV intervention can be guided through the altered distribution of a radiopharmaceutical [22, 23] . The radiopharmaceutical sodium pertechnetate (Na99mTcO4) is widely used in experimental investigations [24] . In addition, physiological parameters as body mass, food intake and stool consistency help to understand which changes the concomitant intervention can provide in the long term [25] . The current study aimed to evaluate the effect of concomitant treatment of an aqueous extract of coriander and WBV exercise on physiological parameters, such as biodistribution of the radiopharmaceutical sodium pertechnetate (Na 99m TcO 4 ), concentration of specific plasma biomarkers, body mass, food intake, and stool consistency in Wistar rats with T1DM. Considering this type of approach as a promising tool for future clinical studies with DM, we hypothesized that treatment with coriander accompanied with WBV exercise will improve the metabolic state of rats with T1DM.
Material and Methods

Animals and Ethical Approach
Wistar rats (n = 20, 243.1 ± 34.0 g), 3-4 months old, were maintained at an average temperature of 25 ± 2 • C, a relative humidity of 55%, and a light/dark cycle of 12 h. All rates were provided with a standard diet and water ad libitum. Experiments were performed following the guidelines of the Comitê de Ética Para o Uso de Animais Exprimentais (CEUA), Instituto de Biologia Roberto Alcantara Gomes (IBRAG), which approved the investigation (CEUA/041/2013).
Induction of Diabetes
Diabetes was induced by intraperitoneal injection with 150 mg/kg alloxan monohydrate (Sigma-Aldrich, St Louis, MO, USA) freshly prepared in 0.9% NaCl [19] . A single dose was administered to rats via a 0.5 mL syringe/needle. The diabetes status of rats was confirmed after 1 week. Rats with fasting glucose levels of ≥ 11.1 mmol/L (200 mg/dL) were considered with diabetes [26] .
Preparation of the Aqueous Extract of Coriander
A commercial dry seed of coriander (Coriandrum sativum L.) was used (lot 015, expiration date on July 2019, Distribuidora de Cereais Crowne Ltda, Rio de Janeiro, Brazil). To prepare the extract, 80 mg of coriander were added to 10 mL of deionized water. Then, the preparation was vortexed for 1 min, centrifuged (clinical centrifuge, 1500 rpm, 15 min) and the supernatant was considered to be 8 mg/mL of coriander. The preparation of the extract was controlled by spectrophotometric analysis (extract with optical density at 480 nm) [27] .
Experimental Procedures
Wistar rats with T1DM (n = 20) were randomly divided into four groups: control group (CON), group treated with Coriander (COR), group exposed to 50Hz of WBV (WBV), and treated with coriander and exposed to 50 Hz of WBV (COR + WBV). Along 28 days the CON group received by gavage [28] 1.0 mL of deionized water, while the group COR received by gavage 1.0 mL of aqueous extract at 8 mg/mL. In addition, the group WBV received 1.0 mL of deionized water and group COR + WBV received 1.0 mL of aqueous extract at 8 mg/mL, and then were submitted daily to vibration. Experimental procedures were applied for 5 days/week for 4 weeks. The experimental variables used in this current study were similar to our previous study [25] .
WBV exercise was applied every day between 11:00 and 12:00 through a vertically oscillating vibratory plate with the base oscillating up and down at the same time in a synchronous way (synchronous platform) (Globus G-Vibe 800, Italy). Sinusoidal vertical vibrations were generated with the following biomechanical variables: 50 Hz frequency, 0.78 mm amplitude, and peak acceleration of 7.85 g.
Biodistribution of Radiopharmaceutical Na 99m TcO 4
One day after the treatments (29th day), the rats were anesthetized with ketamine (75 mg/kg) and xylazine (10 mg/kg) [29] , and then given 0.3 mL (550 kBq) of the radiopharmaceutical Na 99m TcO 4 (1.85 MBq/mL) via ocular plexus. The Na 99m TcO 4 was eluted (60 min prior) from a 99 Mo/ 99m Tc generator (Frederico et al., 2017a) . The assays were performed in the clinical laboratory of the Universidade do Estado do Rio de Janeiro in an automated manner (COBAS INTEGRA 400 plus, Roche, Basel, Switzerland). Rats were killed by CO 2 asphyxiation following the Conselho Nacional de Controle de Experimentação Animal (CONCEA) guideline and the organs (thyroid, stomach, bowel, kidney, liver, pancreas, bone, lung, heart, spleen, muscle and bladder) were harvested and radioactivity was determined in a well counter. Percentages of the injected radioactivity per gram (%ATI/g) in the organs were calculated as reported elsewhere [25] .
Blood Biochemical Analysis
After 28 days of treatment, during the biodistribution procedure blood samples were collected by cardiac puncture to analyze the effect on organs. The concentrations of selected biomarkers (glucose, urea, creatinine, cholesterol, triglyceride, high density lipoprotein (HDL), total bilirubin, direct bilirubin, calcium, magnesium, total protein and albumin) were measured. Furthermore, the concentration of some enzymes (amylase, lipase, creatine kinase (CK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) was also measured. The assays were performed in the clinical laboratory of the Universidade do Estado do Rio de Janeiro in an automated manner (COBAS INTEGRA 400 plus, Roche, Basel, Switzerland).
Body Mass Analysis
Body mass of each animal was determined weekly with a digital balance (FILIZOLA BP6, São Paulo, Brazil). The relative (percent) change in body mass was calculated as the body mass ratio between each week and the first day (and multiplied by 100).
Food Intake Analysis
A quantity of 500 g of feed was supplied daily to each group. The following day, leftover food was counted on a digital balance (FILIZOLA BP6, São Paulo, Brazil). The feed intake was calculated as the difference between the supplied 500 g and the leftover food on each day. This number was divided by 5 (number of rats per group).
Stool Consistency Analysis
Stool consistency was analyzed using a form scale. Three different and independent evaluators daily analyzed the consistency of the stool and chose a value according to the scale. Values ranged from 1 to 4 as described [25] with Type 1 being hard, dry, and dark stool, Type 2 being normal with cracks in the surface, Type 3 being smooth and soft, and Type 4 being fluffy pieces with ragged edges (mushy stool). The median of these three analyses was considered. The stool sample was collected before the animals' gavage.
Statistical Analysis
The statistical analysis of the data was performed with the aid of BioEstat 5.3 software (Instituto Mamiraua, Pará, Brazil). A normality test was done to determine if the data set was well-modeled by a normal distribution. As all data did not follow a normal distribution, a Kruskal-Wallis test was performed. Data were presented as mean ± standard deviation (±SD), median ± interquartile range (IQR) or as percentage (%). Statistical significance was accepted at p < 0.05. Epsilon-squared (ε 2 ) was used to estimate the effect size. The ε 2 assumes a value from 0 (indicating no relationship) to 1 (indicating a perfect relationship). Effect sizes were analyzed to determine the magnitude of an effect independent of sample size, as reported elsewhere [30] . The ε 2 effect sizes were measured by the formula: ε 2 = H n 2 + 1/n + 1 , where H is the value obtained from the Kruskal-Wallis test (the Kruskal-Wallis H-test statistic) and n is the total number of observations.
Results
3.1. Effect of Coriander and/or WBV on Biodistribution of Sodium Pertechnetate (Na 99m TcO 4 ) Table 1 shows the percentage of the injected dose (%ATI/g) of the Na 99m TcO 4 in the various organs isolated from the animals submitted to the different treatments. No differences were found on uptake of Na 99m TcO 4 in the organs isolated from the rats with T1DM. The values of ε 2 ranged from 0.05 to 0.36, indicating no effect size. Table 1 . %ATI/g of the Na 99m TcO 4 in the various organs isolated from rats with type 1 diabetes mellitus (T1DM) and exposed to the different treatments. 
Effect of Coriander and/or WBV on a General Biochemical Analysis
After 28 days of treatment, no differences were found in the plasma concentration of the evaluated biomarkers of rats with T1DM submitted to the various treatments ( Table 2) . The values of ε 2 ranged from 0.01 to 0.38. 
Effect of Coriander and/or WBV on the Enzymatic Activities
As shown in Figure 1 , after four weeks of treatment, no differences were found. The ε 2 indicated no relationship. 
Effect of Coriander and/or WBV on Body Mass
214
After 28 days, no differences were observed in percentage body mass of rats with T1DM (Table   215 3). The values of ɛ 2 ranged from 0.01 to 0.05. During the first week, an increase of approximately 16% 216 (non-significant) in percentage body mass was observed in rats of all groups. Further, the percentage 217 body mass of rats exposed to WBV exercise showed a reduction (non-significant) at the end of the 218 experimental study, a difference that was not observed in the other groups.
219 Table 3 . The body mass (%) of rats with T1DM exposed to different treatments. 
Effect of Coriander and/or WBV on Body Mass
After 28 days, no differences were observed in percentage body mass of rats with T1DM ( Table 3) . The values of ε 2 ranged from 0.01 to 0.05. During the first week, an increase of approximately 16% (non-significant) in percentage body mass was observed in rats of all groups. Further, the percentage body mass of rats exposed to WBV exercise showed a reduction (non-significant) at the end of the experimental study, a difference that was not observed in the other groups. Table 3 . The body mass (%) of rats with T1DM exposed to different treatments. 
Week
Effect of Coriander and/or WBV on Food Intake
The food intake of rats with diabetes subjected to the different interventions indicated no significant difference amongst the groups (Figure 2 ). The ε 2 (not shown in the figure) was 0.07, indicating no effect size. Table 4 ). The ɛ 2 ranged between 0.11 and 0.33, 233 indicating a small relationship. Food intake of rats with T1DM exposed to different treatments.
234
Effect of Coriander and/or WBV on Stool Consistency
This study used a stool scale adapted for Wistar rats by Frederico et al. (2017) that defined four types of stools (hard, 1; normal, 2; soft middle, 3; and fluffy, 4). The type of feces most identified was type 2. No differences were found in stool consistency ( Table 4 ). The ε 2 ranged between 0.11 and 0.33, indicating a small relationship. Table 4 . Stool consistency of rats with T1DM subjected to different treatments.
Day
CON COR WBV COR + WBV p ε 2 01-07 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 0.55 0.11 08- 14 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 1.00 2.00 ± 0.00 0.13 0.30 15-21
2.00 ± 0.00 2.00 ± 1.00 2.00 ± 0.00 2.00 ± 0.00 0.25 0.22 22-28
2.00 ± 0.00 2.00 ± 1.00 2.00 ± 0.00 2.00 ± 0.00 0.10 0.33 CON, control group; COR, group treated with coriander; WBV, group submitted to mechanical vibration generated in platform; COR + WBV, group treated with coriander and submitted to vibration. Values are mean ± SD, p, ε 2 .
Discussion
The lack of information on the effects of a hypoglycemic medicinal plant and low-intensity physical exercise on the management of T1DM [15, 16] stimulated the current study. It was hypothesized that the combination of coriander and WBV exercise may improve some metabolic conditions associated with T1DM. WBV exercise was selected because it is easily accessible to large populations, is non-invasive, has few side effects, is low cost and simple, and doesn't need to be applied for long durations to become effective [18, 19] . Likewise, coriander is one of the most common herbs claimed to lower blood glucose levels, making it potentially useful for the treatment of DM. In this study, the effect of the combination of coriander and WBV exercise on Wistar rats with T1DM was tested via analysis of organs (through biodistribution of Na 99m TcO 4 ), plasma biomarkers, body mass, feed intake and stool consistency.
We did not find altered uptake (%ATI/g) of Na 99m TcO 4 in the studied organs, indicating that WBV and/or coriander were not capable of promoting changes in biochemical/physiological variables in organs of rats with T1DM. In a previous study using healthy rats [25] , the results were similar to those observed here. Our data are also similar to those of Ogawa et al. [31] , who did not observe significant differences in the radiopharmaceutical 18 F-sodium fluoride uptake ratio in bone surrounding implants between rats subjected to WBV exercise and controls. On the other hand, Amin et al. [32] reported a physiological influence of WBV exercise on the image quality related to skeletal scintigraphy with the radiopharmaceutical 99m Tc-methylene diphosphonate ( 99m Tc-MDP) by increasing the 99m Tc-MDP osseous uptake. However, they neither reported the vibration device used nor the specific vibration variables.
The 28 days of interventions with coriander and/or WBV exercise showed no differences in the plasma biomarker concentrations. This finding agrees with our previous work, done in healthy rats [25] using the same vibration variables. In another study [33] , a decrease in amylase was found with WBV exercise. [34] Monteiro et al. 2017 also found a decrease in LDL (low-density lipoprotein) levels after exposure to 10 Hz whole body vibration. It is likely that differences in results can be attributed to different vibration devices (side-alternating system versus linear motions) and specific vibration variables used (e.g., frequency and acceleration). Erceg et al. [35] also demonstrated no significant differences for bone biomarkers in a 10-week WBV exercise (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) program in overweight Latino boys.
Coriander and/or WBV exercise had no effect on body mass, consistent with [25] , who used an identical experimental design but in healthy young adult male rats. Chen et al. [36] reported that body mass in WBV exercise mice did not change significantly during a six-week experiment period compared to sedentary controls and WBV + dehydroepiandrosterone (DHEA) treated mice. In addition, Sun et al. [37] reported no significant differences in body mass between controls and WBV rats subjected to either a high-fat diet or normal diet. Lin et al. [38] also showed no differences in body mass of middle-aged mice with or without a four-week WBV exercise regimen. On the other hand, de Vries et al. (2014) reported that after diabetes mellitus diagnosis, mass and body mass index increased rapidly, with the most rapid weight gain during the first two weeks in children and adolescents with T1DM. In relation to coriander, Aissaoui et al. [6] found that daily oral administration for 30 days to obese-hyperglycemic-hyperlipidemic Meriones shawi rats did not have any significant effect on body mass.
Considering the food intake after four weeks in T1DM rats subjected to the concomitant treatment, no differences were observed amongst the groups. This finding shows that DM influences the intake of these animals even in those submitted to WBV exercise. In our previous studies [25, 39] using the same concomitant protocol, although performed in healthy animals, we observed an increase in feed intake in the animals exposed to WBV exercise. Our present finding corroborates with Chen et al. [36] , which demonstrated that WBV exercise and/or DHEA supplementation did not alter food intake in mice.
Despite coriander being used for the treatment of some gastrointestinal disorders, including diarrhea [40] , we did not observe altered stool consistency. This could be due to malabsorption or pelvic nerve damage caused by diabetes peripheral neuropathy, which may increase bowel movement frequency [41] , therefore minimizing the effect of coriander. Frederico et al. [25] demonstrated an alteration in stool consistency in healthy rats that consumed only coriander (and compared to other groups). The different health conditions of the animals reported ( [40] and [25] ) may explain the differential findings regarding stool consistency. Moreover, the findings in the current study corroborate those of Cardoso et al. [39] , who investigated the effect of WBV exercise and an aqueous extract of Chenopodium ambrosioides in male Wistar rats. They also showed no alteration in stool consistency.
The concomitant treatment proposed in the present study was not able to alter the metabolic outcome variables in animals with T1DM as we expected. Factors such as the alloxan drug, as the model of DM chosen for this study, could be relevant to the differential results found, although our hypothesis was based on existing results in the literature about the effects of coriander on diabetes (both induced by streptozotocin and alloxan) and of WBV on the selected metabolic variables.
Some limitations of the current study should be considered. For instance, only a limited number of hormones were measured, while others such as insulin were not investigated. An analysis of glycated hemoglobin (HbA1) would be interesting for the diagnosis of DM. Further, we only studied one specific vibration regime and it is possible that an intervention with a different vibration frequency, vibration magnitude, or vibration duration would have produced significant effects.
Conclusions
Putting together all the findings, we conclude that neither coriander nor WBV exercise were capable of improving the metabolic state of Wistar rats with T1DM. If results from this present study with rodents could be directly translated to humans, they would indicate that the administration of insulin will continue to be necessary for individuals with T1DM. However, further studies involving the use of medicinal plants and WBV exercises on animals with diabetes are needed.
It is possible that, for these conditions, concomitant treatment involving physical exercise and the use of medicinal plants could be a promising tool. In a therapeutic approach, such treatment could provide an alternative for those individuals that currently only have the option to take insulin (which is expensive and has side effects) to treat diabetes.
This data set and knowledge of the joint treatment of coriander with WBV can provide greater reliability concerning the effects of coriander and a reference for new scientific studies.
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